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COMPARISON OF THE SENSITIVITY OF PRESUMPTIVE BLOOD TESTS 








Body fluid identification is important in the field of forensic science as it can 
provide valuable information to an investigation.  An accurate method for detecting blood 
at a crime scene or on evidence is beneficial to an analyst or investigator.  A piece of 
evidence may be any house-hold object or material; therefore, a test must be able to 
accurately detect blood on a variety of substrates.  The most common preliminary testing 
method for blood is based on the peroxidase-like activity of hemoglobin.  Tests such as 
phenolphthalein (Kastle-Meyer), Ortho-Tolidine (O-Tol), and Luminol utilize this method.    
The sensitivity of presumptive blood tests was evaluated using a series of diluted 
bloodstains on six fabrics: fleece, felt, linen, denim, flannel, and terrycloth.  In addition to 
a direct testing method, two indirect methods were tested utilizing a piece of dry filter paper 
or a moistened cotton swab.  The last portion of this study compared commercial field kits 
to the laboratory-prepared reagents.   
This study yielded overall sensitivities for Kastle-Meyer, O-Tol, and Luminol of 
1:1000, 1:5000, and 1:10000, respectively.  The direct testing resulted in a slightly lower 
sensitivity with fleece versus the other fabrics.  Fleece also resulted in slower and weaker 
vi 
reactions compared to thinner fabrics such as denim, linen, and terrycloth. This suggests 
that highly absorbent fabrics, such as fleece, can have a negative effect on the sensitivity 
of catalytic color tests such as Kastle-Meyer and O-Tol. The indirect testing methods 
utilizing a moistened swab or a dry filter paper were less sensitive compared to direct 
testing methods. The field kits tested in this study mimic the methods of a moistened swab 
technique, and the results demonstrated that the field kits were about the same sensitivity 
or less sensitive compared to the indirect testing methods. 
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1.1. Identification of Blood in Forensics 
Body fluid identification is an important field within forensic science as it can 
provide valuable information to an investigation (1–4).  Body fluids such as blood, semen, 
and saliva are of interest to forensic scientists and are the most common biological fluids 
tested for at crime scenes or in the laboratory.  An accurate method for detecting blood at 
a crime scene or on evidence is beneficial to both the analyst and the investigator.  
Identification of blood can guide the analyst’s choices for further testing of the sample as 
well as provide support for a timeline of events.  
 
1.2.  Blood Overview 
In a healthy individual, approximately 8% of the human body weight is due to blood 
volume (5).  Blood has a cellular component composed of red blood cells, white blood 
cells, and platelets, as well as a liquid portion referred to as plasma.  Red blood cells or 
erythrocytes consist of hemoglobin molecules that are responsible for oxygen 
transportation.  Typical adult hemoglobin consists of four polypeptide chains, each with 




Figure 1. Structure of Hemoglobin. Depiction of the four polypeptide chains and the four heme moieties.  
 
1.3. Presumptive Blood Testing  
The most common preliminary testing method for blood is based on the peroxidase-
like activity of hemoglobin (1–4,8).   These tests are called catalytic color tests as they 
result in a colored product, and the reactants are oxidized in the presence of a heme catalyst 
and a peroxide (8) [Figure 2]. 
 
Figure 2. Overview of Catalytic Color Tests. A) AH2 represents a colorless reagent (reduced form) that is 
oxidized into a colored product by a peroxide and a heme catalyst. B) Overview of O-Tol Reaction. C) 
Overview of Phenolphthalein Reaction.  
Heme Moiety
Source: https:/commons.wikimedia.org
AH2 +    ROOH                A   +   ROH + H2O


























1.3.1. Ortho-Tolidine  
 O-Tol (Ortho-Tolidine) is one reagent that can be utilized to detect the presence 
of blood.  Early studies noted its use for detecting occult blood in feces (9,10).  For a long 
period of time, benzidine was the most widely used reagent for blood detection, but due to 
its carcinogenic properties, derivatives such as O-Tol grew in popularity (8,11).  Although 
less carcinogenic than other benzidine derivatives, many forensic laboratories have since 
changed their protocols to incorporate safer reagents such as phenolphthalein or 
Leucomalachite Green (8,12).   
 O-Tol undergoes an oxidation reaction in which a blue product is formed in the 
presence of a catalyst (8).  The characteristic blue color change indicates the possible 
presence of blood in a sample, however, as with all presumptive assays, further testing is 
needed to confirm that blood is present.   
 
1.3.2. Phenolphthalein (Kastle-Meyer) 
 The phenolphthalein test or Kastle-Meyer test has been adopted by many agencies 
because it is non-carcinogenic and yields comparable results to that of the benzidine-based 
tests (8,12–14).  In this reaction, the colorless phenolphthalin is oxidized to form the pink-





 Luminol (3-aminophthalhydrazide) is also oxidized in the presence of blood, 
however, it differs from the other tests due to its production of light rather than a 
characteristic color change [Figure 3] (5).  Chemiluminescence assays emit light as a 
product of a chemical reaction; in this case, Luminol is oxidized by an oxidant and 
catalyzed by heme to produce a blue light (~425 nm) (5,15–17).  This blue light is then 
visualized by the viewer and can be interpreted as a presumptive indication of blood.      
 
Figure 3. Luminol Chemiluminescent Reaction.  Luminol is oxidized via a chemical oxidant to form 3-
aminophthalate and produces light (5).   
 
 Luminol is utilized by investigators at a crime scene to visualize latent bloodstains 
that may not be visible with the naked eye.  Luminol can be applied via a spraying method 
to large surfaces, such as a wall or carpet, where blood is suspected to be present (1).  
Luminol has also been shown to be useful in detecting dilute bloodstains that may have 
undergone a cleaning event (1,18).  These aspects of Luminol make it a popular choice 











1.4. Sensitivity Testing 
Through the years, there have been numerous studies that have looked at the 
sensitivities of presumptive blood tests (2–4,12,13,17–21).  It is important for analysts to 
understand the limits of detection for the tests they are employing.  Although at crime 
scenes the dilution status of a sample is not known, it can be important to know whether or 
not the test being utilized is able to detect low levels of blood present. 
 
1.5. Commercial Field Kits  
Depending on the piece of evidence that blood is suspected to be deposited on, it 
can be important for the item to be tested at the scene rather than waiting until laboratory 
testing can be conducted.  For instance, if there is a large area carpet that may contain blood 
of the victim and/or suspect, it may be beneficial to test the carpet utilizing a field kit to 
visualize any bloodstains rather than packaging and transporting the entire rug to the 
laboratory.  Forensic field kits for presumptive blood tests have been incorporated into 
crime scene analysis and are designed to be fast, simple, and reliable (22).  The intention 
of these tests is to provide a fast way of identifying possible bloodstains to streamline the 
evidence collection process.  However, the sensitivity of these field kits relative to 






1.6. Goals of this Study       
This study examines the sensitivity of the presumptive blood tests of O-Tol, Kastle-
Meyer, and Luminol as presumptive tests for blood on six fabric substrates.  The sensitivity 
of these tests has been previously demonstrated in the literature, but with varying 
sensitivities due to differences in reagents and metholodolgoies.  Other studies have also 
not looked at the effect of the absorbency of the substrate and its effect on the sensitivity 
of the tests.  Absorbent fabrics such as fleece, terrycloth, and felt are not uncommon to find 
at a scene and could possibly be an item of evidence that blood is deposited on.  It can be 
important to understand the limitations of these tests with regard to these types of 
substrates.   
 This study also compares the sensitivity of laboratory-prepared chemicals to that of 
field kits utilizing the same reagents.  The results of this comparison may be useful in 
assessing whether sensitivity is compromised by choosing a field kit versus a laboratory 
preparation of a reagent.   
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2. MATERIALS AND METHODS 
2.1.  Preparation of Blood Dilutions 
 The following dilutions were created with postmortem liquid blood preserved with 
EDTA (Ethylenediaminetetraacetic acid) using a serial dilution technique: 1:10, 1:50, 
1:100, 1:500, 1:1000, 1:5000, 1:10000, 1:50000, 1:100000, 1:500000, 1:1million.   
 
2.2. Preparation of Fabric Swatches for Direct Testing 
Six fabrics were utilized in this study and their composition characteristics were 
recorded [Table 1].  All fabrics were white in color and were produced by various 
manufacturers.  Thickness measurements were taken utilizing a micrometer and three 
measurements were taken (selvage end, middle, and the other end) and an average was 
calculated and recorded.   
 
Table 1. Fabric Composition. Six fabric types were utilized for the swatches in this study.      
 













Fabric Composition Average Thickness (mm) 
Linen 55% Linen /45% Rayon 0.498 
Denim 100% Cotton 0.545 
Felt 35% Wool /65% Rayon 0.847 
Fleece 100% Polyester 0.546 
Flannel 100% Cotton 0.381 
Terrycloth 100% Cotton  0.819 
8 
Strips measuring ~6 in. by 1 in. of each fabric type were cut from a 1-yard piece 
purchased at a local fabric store.  Twelve strips of each fabric were cut; 11 strips for each 
dilution and 1 strip for the negative control [Figure 4].  Each swatch was color coded and 
labeled according to fabric type and dilution factor.  On each swatch, at least 6 spots of 
blood (10µl each) were deposited or 10 µl of water for the negative controls.  Each spot 
was marked with pencil for dilutions where the spot was not visible with the naked eye.   
 
Figure 4. Fabric Swatches. A) layout of all the fabric swatches for the direct testing portion of the study.  




2.3. Direct Testing  
2.3.1. O-Tol  
The O-Tol reagent was prepared in-house using the method described by Cox (13).  
 
2.3.1.1  Controls 
One negative control and positive control was tested for each fabric to ensure the 




2.3.1.2  Sample Testing 
Three stains per dilution per fabric were utilized for the O-Tol testing.  The three 
stains were cut out from each strip and placed into a spot plate that was labeled by dilution 
and by fabric [Figure 5].  The spot plate was then placed into a photo box (MK Digital 
Direct, Chula Vista, CA) during testing.  Each stain was tested using 30 µl of O-Tol reagent 
followed by a fifteen second rest period in which the stain was observed for any 
interference reaction.  Then, 30 µl of 3% hydrogen peroxide was added directly to the 
fabric swatch.  The fabric was observed for 5 seconds for a blue color formation, which 
indicated a positive reaction.  The time of the color change was recorded and at 15 seconds 
a picture was taken utilizing a Canon EOS REBEL T5i camera mounted above the photo 
box.  The camera settings were kept constant throughout the direct testing portion of this 
study [Table 2]. 
Beginning with the 1:10 dilution, testing was conducted on consecutive dilutions 
until a negative result was produced and then one dilution higher was tested to confirm the 
absence of a color reaction.  For instance, if a dilution of 1:1000 was negative, then the 
1:5000 stains would also be tested to ensure the accuracy of the negative result.       
10 
 
Figure 5. O-Tol Set-up and Results.  Three swatches of denim spotted with 1:500 blood dilutions after O-




Table 2. Camera Settings for Direct Testing      
 
 
2.3.2. Kastle-Meyer   
The Kastle-Meyer reagent was prepared utilizing the method described by Cox 
(13).  The negative and positive controls and samples were tested in the same manner as 
the O-Tol testing. A positive result was recorded if a pink color was observed within 15 
seconds of the application of the Kastle-Meyer reagent and hydrogen peroxide [Figure 6].  
A photo was taken at 15 seconds and the exact time of the color change was recorded.  The 
same camera settings were utilized as described in Table 2.   
 
Camera Setting Aperture (f-stop) Shutter Speed 
(seconds) 
ISO 
Manual f/5.6 1/2500  400 
11 
            
Figure 6. Kastle-Meyer Set-up and Results.  Three denim swatches spotted with 1:100 blood dilutions after 
Kastle-Meyer testing.  Three positive results are depicted.     
 
 
2.3.3. Data Analysis  
The speed of reaction, or the time at which a color change was observed, was 
recorded for each stain.  The average reaction time of the 3 trials was calculated and 
categorized.  If the average speed of the three trials was 3 seconds or less, the reaction was 
categorized as a fast reaction.  If the average speed was 4-10 seconds, the reaction was 
categorized as intermediate.  Any positive reaction that took more than 10 seconds was 
categorized as a slow reaction.   
The relative intensity of each reaction was categorized into three groups: strong, 
intermediate, and weak.  The groups were determined based upon a visual comparison to 
an intermediate intensity stain for that particular reagent.  All of the stains were examined 
visually and a representative stain that exhibited intermediate intensity was chosen for 
comparison purposes.  For example, the O-Tol reactions were compared to the intensity of 
the 1:500 reaction on the denim fabric [Figure 7].  The Kastle-Meyer reactions were 
12 
compared to the intensity of the 1:100 reaction on denim [Figure 8].  If the reaction was 
more intense than that of the representative stain, the reaction was categorized as a strong 
reaction.  If the reaction was the same intensity as the representative stain, the reaction was 
categorized as intermediate intensity.  If the reaction was not as intense as the 
representative stain, the reaction was categorized as a weak reaction.   
    
Figure 7. Examples of Intensity Determination: O-Tol.  A) 1:500 dilution on denim used as standard for 
intensity determination. B) An example of a reaction categorized as weak (1:500 Felt).  C) An example of 




Figure 8. Examples of Intensity Determination: Kastle-Meyer.  A) 1:100 dilution on denim used as 
standard for intensity determination.  B) An example of a reaction categorized as weak (1:100 Felt).  C) An 











2.4. Preparation of Swatches for Indirect Testing and Luminol 
In the same fashion as the direct testing swatches [Section 2.2], 12 strips of fabric 
were cut for each fabric to accommodate the 11 dilutions and 1 for the negative controls.  
These strips were cut to measure approximately 12 inches by 1 inch.  The same blood 
dilutions [Section 2.1] were used to spot fifteen 10 µl spots onto each strip.   
 
2.5. Indirect Testing  
2.5.1.  Dry Method 
 A round piece of filter paper measuring 4.25 cm in diameter was folded into 
quarters so that the resulting point could be used to scrape the surface of the bloodstain 
[Figure 9].  The point of the filter paper was used to scrape each stain 5 times forward and 
backwards.  The filter paper was then opened up and placed on a spot plate to be tested.  
The filter paper was then treated with 30 µl of O-Tol reagent followed by 30 µl of 3% 
hydrogen peroxide. A positive reaction was recorded if a blue color formed in the center 
of the filter paper within 15 seconds.  This was completed in triplicate for each blood 
dilution until two consecutive negative results were obtained as described in Section 
2.3.1.2.   
 The same procedure was repeated using the Kastle-Meyer reagent and the results 




    
Figure 9.  Dry Filter Paper Method of Indirect Testing.  A) Filter paper folded into quarters.  B)  Filter 
paper ready to scrape swatch of denim.   
 
2.5.2.  Wet Method 
 A cotton swab was moistened using one drop of water and then rolled over each 
stain five times.  The swab was then placed into a spot plate and tested in the same fashion 
as the filter paper method [Section 2.5.1.].    
 
2.6.    Luminol Testing 
2.6.1. Luminol reagent preparation  
There are two formulations of Luminol commonly reported in the literature (23,24).  
This study utilized the preparation method described by Weber (24), which involves the 
production of three solutions.  The first solution consists of 8 g of sodium hydroxide in 500 
mL of water (A).  The second solution is a 3% hydrogen peroxide solution (B).  The third 
solution consists of 0.354 g of Luminol powder dissolved in 62.5 mL of solution A (C).  
Then, solution C is brought up to 500 mL using sodium hydroxide.  At the time of 
BA
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experimentation, 10 mL of each solution and 70 mL of distilled water are mixed to create 
the working solution. 
   
2.6.2. Altered Camera Settings  
In order to capture the chemiluminescence of the Luminol reaction, the camera 
settings were altered [Table 3].   
 
Table 3. Altered Camera Settings for Luminol Testing 
 
 
2.6.3. Sample Testing  
To capture the chemiluminescent reaction, all of the Luminol tests took place in the 
dark with the camera mounted on a photography stand (Sirchie, Youngsville, NC) pointed 
90 degrees to the fabric swatch.  Sixty microliters of the working solution was pipetted 
onto each swatch to mimic the total amount of reagent deposited in the previous tests.  At 
approximately 5 seconds after the deposition of the reagent, a picture was taken and if a 
blue light was visible, a positive reaction was recorded [Figure 10].  Each dilution was 
tested until two consecutive negative results were obtained.  This test was completed in 
triplicate per dilution.     
 
Camera Setting Aperture (f-stop) Shutter Speed 
(seconds) 
ISO 
Manual f/5.6 5  1600 
16 
 
Figure 10. Examples of Luminol Results.  A) Positive reaction with 1:10 dilution on denim.  B) Three 
positive reactions on flannel with 1:1000 dilution.  C) Two negative and 1 positive result (right) on denim 
with 1:10000 dilution.   
 
   
2.7.  Field Kits 
The Forenstix-Phenolphthalein, Tolidine, and Luminol field kits were purchased 
for comparison (Tri-Tech Forensics, Inc., Southport, North Carolina).  The kits utilize a 
plastic tube which contains two glass vials filled with two different reagents. The tip of the 
tube has a fibrous material wedged into the top of the tube [Figure 11]. Following the 
manufacturer’s instructions, the fibrous material was moistened utilizing an extraction 





two glass vials were crushed so the two reagents are mixed, which was aided by a slight 
shaking of the tube.  The tube was then inverted so that the mixed reagents soaked into the 
fibrous tip.  To ensure the fibrous tip was fully saturated with the reagents, the tube was 
squeezed to promote the flow of the regents into the tip.  A color change occurring within 
5 seconds was recorded.  All of the field kits were tested in duplicate.     
 
 
Figure 11.  Field Kit Components.  Each test consisted of a plastic tube with a fibrous tip and two vials of 




This test was conducted as previously described [Section 2.7.] utilizing the 
bloodstains described in Section 2.4.  The fibrous material was moistened utilizing the 
phenolphthalein extraction reagent that came with the kit.  If a pink color change was 
observed within 5 seconds a positive result was recorded [Figure 12].       







Figure 12.  Example of Positive Kastle-Meyer Result.  Example of a positive result utilizing the Kastle-




2.7.2. O-Tol  
This test was conducted in a similar manner except that the fibrous tip was moistened 
using distilled water.  If a blue color change was observed within 5 seconds, a positive 
result was recorded [Figure 13].   
 
Figure 13.  Example of Positive O-Tol Result.  An example of a positive results utilizing the O-Tol field 




2.7.3.  Luminol  
This test was conducted as described in Section 2.7. and utilized the same 
bloodstains described in Section 2.4.  The fibrous tip was moistened using distilled water.  
This test was conducted in a dark room in order to visualize the chemiluminescent reaction.  
If a blue/white color appeared, a positive reaction was recorded [Figure 14].   
 
 
Figure 14.  Examples of Positive Luminol Result.  A) A positive Luminol reaction.  A bright blue glow is 





3. RESULTS  
3.1. Direct Testing  
All of the fabrics reacted positively at 1:10, 1:50, 1:100, 1:500 and 1:1,000 with the 
Kastle-Meyer reagent [Table 4].  The O-Tol results differed by fabric with the majority of 
fabrics reacting up to 1:5,000 [Table 5].  The exceptions were fleece, which reacted to 
1:1,000 and terrycloth, which reacted to 1:10,000.   
 
3.1.1. Intensity Results 
3.1.1.1  Kastle-Meyer 
All of the fabrics resulted in strong or intermediate reactions at the 1:10 and 1:50 
dilutions except for fleece.  Fleece resulted in no strong reactions and only intermediate 
and weak reactions.  All of the fabrics dropped off from strong/intermediate reaction to 
weak reactions at the 1:100 dilution besides fleece and terrycloth.  Terrycloth still reacted 
at an intermediate intensity at the 1:100 dilution and dropped to a weak reaction at 1:500 




Table 4. Direct Testing Results: Kastle-Meyer. Results of direct testing with Kastle-Meyer. Fabrics are 
ordered from generally most to least sensitive.   
  
DILUTION TRIAL 1 TRIAL 2 TRIAL 3 
LINEN 1/10 Positive Positive Positive 
 
1/50 Positive Positive Positive 
 
1/100 Positive Positive Positive 
 
1/500 Positive Positive Positive 
 
1/1000 Positive Positive Positive 
 
1/5000 Negative Negative Negative 
 
1/10000 Negative Negative Negative 
     
FELT 1/10 Positive Positive Positive 
 
1/50 Positive Positive Positive 
 
1/100 Positive Positive Positive 
 
1/500 Positive Positive Positive 
 
1/1000 Positive Positive Positive 
 
1/5000 Negative Negative Negative 
 
1/10000 Negative Negative Negative 
     
FLANNEL 1/10 Positive Positive Positive 
 
1/50 Positive Positive Positive 
 
1/100 Positive Positive Positive 
 
1/500 Positive Positive Positive 
 
1/1000 Positive Positive Positive 
 
1/5000 Negative Negative Negative 
 
1/10000 Negative Negative Negative 
     
TERRYCLOTH 1/10 Positive Positive Positive 
 
1/50 Positive Positive Positive 
 
1/100 Positive Positive Positive 
 
1/500 Positive Positive Positive 
 
1/1000 Positive Positive Positive 
 
1/5000 Negative Negative Negative 
 
1/10000 Negative Negative Negative 
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 DILUTION TRIAL 1 TRIAL 2 TRIAL 3 
FLEECE 1/10 Positive Positive Positive 
 
1/50 Positive Positive Positive 
 
1/100 Positive Positive Positive 
 
1/500 Positive Positive Positive 
 
1/1000 Positive Positive Positive 
 
1/5000 Negative Negative Negative 
 
1/10000 Negative Negative Negative 
     
DENIM 1/10 Positive Positive Positive 
 
1/50 Positive Positive Positive 
 
1/100 Positive Positive Positive 
 
1/500 Positive Positive Positive 
 
1/1000 Positive Positive Positive 
 
1/5000 Negative Negative Negative 
 
1/10000 Negative Negative Negative 
 
 
Table 5.  Direct Testing Results: O-Tol.  Direct testing results for O-Tol for all three trials. Fabrics are 
ordered from generally most to least sensitive.      
  
DILUTION TRIAL 1 TRIAL 2 TRIAL 3 
TERRYCLOTH 1/10 Positive Positive Positive 
 1/50 Positive Positive Positive 
 1/100 Positive Positive Positive 
 1/500 Positive Positive Positive 
 1/1000 Positive Positive Positive 
 1/5000 Positive Positive Positive 
 1/10000 Negative Positive Negative 
 1/50000 Negative Negative Negative 
 1/100000 Negative Negative Negative 
     
LINEN 1/10 Positive Positive Positive 
 1/50 Positive Positive Positive 
 1/100 Positive Positive Positive 
 1/500 Positive Positive Positive 
 1/1000 Positive Positive Positive 
 1/5000 Positive Positive Positive 
 1/10000 Negative Negative Negative 




TRIAL 1 TRIAL 2 TRIAL 3 
FELT 1/10 Positive Positive Positive 
 1/50 Positive Positive Positive 
 1/100 Positive Positive Positive 
 
1/500 Positive Positive Positive 
 
1/1000 Positive Positive Positive 
 
1/5000 Positive Positive Positive 
 
1/10000 Negative Negative Negative 
 
1/50000 Negative Negative Negative 
     
FLANNEL 1/10 Positive Positive Positive 
 1/50 Positive Positive Positive 
 1/100 Positive Positive Positive 
 1/500 Positive Positive Positive 
 1/1000 Positive Positive Positive 
 1/5000 Positive Positive Positive 
 
1/10000 Negative Negative Negative 
 
1/50000 Negative Negative Negative 
 
DENIM 1/10 Positive Positive Positive 
 1/50 Positive Positive Positive 
 1/100 Positive Positive Positive 
 1/500 Positive Positive Positive 
 1/1000 Positive Positive Positive 
 1/5000 Negative Negative Negative 
 1/10000 Negative Negative Negative 
     
FLEECE 1/10 Positive Positive Positive 
 1/50 Positive Positive Positive 
 1/100 Positive Positive Positive 
 1/500 Positive Positive Positive 
 1/1000 Positive Positive Positive 
 1/5000 Negative Negative Negative 





Table 6.  Intensity of Direct Testing with Kastle-Meyer.  Intensity of each positive reaction.  The fabrics 
are listed in order from generally most to least sensitive.   
  
DILUTION TRIAL 1 TRIAL 2 TRIAL 3 
DENIM 1:10 Strong Strong Strong 
 1:50 Strong Strong Strong 
 1:100 Intermediate Intermediate Intermediate 
 1:500 Weak Weak Weak 
 1:1000 Weak Weak Weak 
     
TERRYCLOTH 1:10 Strong Strong Strong 
 1:50 Intermediate Intermediate Intermediate 
 1:100 Intermediate Intermediate Intermediate 
 1:500 Weak Weak Weak 
 1:1000 Weak Weak Weak 
     
LINEN 1:10 Strong Strong  Strong  
1:50 Intermediate Intermediate Intermediate  
1:100 Weak Weak Weak  
1:500 Weak Weak Weak  
1:1000 Weak Weak Weak      
FLANNEL 1:10 Strong  Strong  Strong  
 1:50 Intermediate Intermediate Intermediate 
 1:100 Weak Weak Weak 
 1:500 Weak Weak Weak 
 1:1000 Weak Weak Weak 
     
FELT 1:10 Strong Strong Strong  
1:50 Intermediate Intermediate Weak  
1:100 Weak Weak Weak  
1:500 Weak Weak Weak  
1:1000 Weak Weak Weak      
FLEECE 1:10 Intermediate Intermediate Intermediate  
1:50 Weak Weak Weak  
1:100 Weak Weak Weak  
1:500 Weak Weak Weak  
1:1000 Weak Weak Weak 
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3.1.1.2.  O-Tol   
 The intensity results for O-Tol were more varied compared to the Kastle-Meyer 
results [Table 7].  Felt exhibited a weak reaction at 1:100, while weak reactions on other 
fabrics started at 1:500 (Flannel, Terrycloth, Fleece), 1:1000 (Denim), and 1:5000 (Linen).         
Table 7.  Intensity of Direct Testing with O-Tol.  Intensity of each positive reaction.  The fabrics are listed 
in order from generally most to least sensitive.          
  
DILUTION TRIAL 1 TRIAL 2 TRIAL 3 
LINEN 1:10 Strong Strong Strong  
1:50 Strong Strong Strong  
1:100 Strong Strong Strong  
1:500 Intermediate Intermediate Intermediate  
1:1000 Intermediate Intermediate Intermediate  
1:5000 Weak Weak Weak      
TERRYCLOTH 1:10 Strong Strong Strong 
 1:50 Strong Strong Strong 
 1:100 Strong Strong Strong 
 1:500 Weak Intermediate Intermediate 
 1:1000 Intermediate Intermediate Intermediate 
 1:5000 Weak Weak Weak 
     
DENIM 1:10 Strong Strong Strong 
 1:50 Strong Strong Strong 
 1:100 Strong Strong Strong 
 1:500 Intermediate Intermediate Intermediate 
 1:1000 Weak Weak Weak 
 1:5000 Weak Weak Weak 
     
FLANNEL 1:10 Strong Strong Strong 
 1:50 Strong Strong Strong 
 1:100 Intermediate Intermediate Intermediate 
 1:500 Intermediate Weak Weak 
 1:1000 Weak Weak Weak 
 1:5000 Weak Weak Weak 
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FABRIC DILUTION TRIAL 1 TRIAL 2 TRIAL 3 
FELT 1:10 Strong Strong Strong  
1:50 Strong Strong Strong  
1:100 Immediate Weak Intermediate  
1:500 Weak Intermediate Weak  
1:1000 Weak Weak Weak  
1:5000 Weak Weak Weak 
     
FLEECE 1:10 Strong Strong Strong  
1:50 Intermediate Intermediate Strong  
1:100 Intermediate Intermediate Intermediate  
1:500 Weak Weak Weak  
1:1000 Weak Weak Weak      
 
3.1.2.  Speed of Reaction 
3.1.2.1  Kastle-Meyer 
The Kastle-Meyer reactions changed from fast to intermediate at 1:500 for every 
fabric except for terrycloth, which slowed to intermediate at 1:1000 [Table 8].  
The average speed of the reaction generally increased as the dilution factor 
increased except for at lower dilution factors (1:10 and 1:50) in which the speed remained 
the same [Figure 15].  However, for fleece, the average speed of the reaction was greater 







Table 8.  Speed of Reaction for Kastle-Meyer.  The reaction speed for the Kastle-Meyer testing.  The 
fabrics are generally ordered from most to least sensitive.     
 
Fabric Dilution Speed of Reaction 
   
Terrycloth 1:10 Fast 
 1:50 Fast 
 1:100 Fast 
 1:500 Fast 
 1:1000 Intermediate 
   
Flannel 1:10 Fast 
 1:50 Fast 
 1:100 Fast 
 1:500 Intermediate 
 1:1000 Intermediate 
   
Denim 1:10 Fast 
 1:50 Fast 
 1:100 Fast 
 1:500 Intermediate 
 1:1000 Intermediate 
   









   
Felt 1:10 Fast 
 






   











Figure 15.  The Average Speed (seconds) of the Kastle-Meyer Reaction.  The average reaction speed of 
each fabric at dilutions from 1:10-1:1000.  The average of three trial speeds were calculated. The fabrics are 
generally ordered from most to least sensitive.         
 
3.1.2.2. O-Tol  
The speed of reaction began to slow (11+ seconds) at a dilution of 1:5000 for half 
of the fabrics (linen, terrycloth, denim).  However, felt and flannel slowed down at 1:1000 
and fleece slowed at 1:500 [Table 9].   
The average reaction time increased as the dilution factor increased from 1:100-
1:500 in all fabrics except terrycloth (stayed the same).  From 1:500-1:1000, some fabrics 
resulted in the average speed staying the same (linen and denim), increasing (fleece, flannel 
and felt), or decreasing (terrycloth).  All fabrics resulted in a substantial increase in reaction 
time from 1:1000 to 1:5000 [Figure 16].     
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Table 9.  Speed of Reaction for O-Tol.  The speed of reaction for the O-Tol direct testing.  The fabrics are 
generally ordered from most to least sensitive.   
 
Fabric Dilution Speed 
   



























Fabric Dilution Speed  
   
Terrycloth 1:10 Fast 
 1:50 Fast 
 1:100 Fast 
 1:500 Fast 
 1:1000 Fast 
 1:5000 Slow  
 1:10000 Slow* 
   
Denim 1:10 Fast 
 1:50 Fast 
 1:100 Fast 
 1:500 Fast 
 1:1000 Fast 
 1:5000 Intermediate 
   










   
Felt 1:10 Fast 
 








   















Figure 16. The Average Speed (seconds) of the O-Tol Reaction.  The average reaction speed (seconds) of 
each fabric at dilutions from 1:100-1:5000.  The average of three trials were calculated.  The speed for 1:5000 
is not represented for fleece as it was negative.  The fabrics are generally ordered from most to least sensitive.   
 
3.2. Indirect Testing 
3.2.1. Dry Method  
3.2.1.1.  Kastle-Meyer 
All fabrics reacted at 1:10 dilution, but not consistently.  No fabrics yielded a 
positive reaction at 1:50 dilution and beyond.  Some fabrics only reacted 2 out of the 3 




Table 10. Dry Method of Indirect Testing: Kastle-Meyer.  Results of dry indirect method testing with 
Kastle-Meyer.  Fabrics are generally ordered from most to least sensitive.   
 
 
Fabric Dilution Trial 1 Result Trial 2 Result Trial 3 Result 
     
Linen 1:10 Positive Positive Positive 
Linen 1:50 Negative Negative  Negative 
Linen 1:100 Negative Negative  Negative 
     
Terrycloth 1:10 Positive Positive Positive 
Terrycloth 1:50 Negative Negative  Negative 
Terrycloth 1:100 Negative Negative  Negative 
     
Felt 1:10 Positive Positive Positive 
Felt 1:50 Negative Negative  Negative 
Felt 1:100 Negative Negative  Negative 
     
Denim 1:10 Positive Positive Negative 
Denim 1:50 Negative Negative  Negative 
Denim 1:100 Negative Negative  Negative 
     
Flannel 1:10 Negative Negative  Positive 
Flannel 1:50 Negative Negative  Negative 
Flannel 1:100 Negative Negative  Negative 
     
Fleece 1:10 Positive Negative  Negative 
Fleece 1:50 Negative Negative  Negative 







3.2.1.2.  O-Tol  
All of the fabrics reacted at 1:10 and 1:50, but not consistently amongst the three 
trials.  Linen, terrycloth, felt, flannel and fleece only reacted 1 out of 3 trials at 1:50.  
Terrycloth was the only fabric to yield a positive reaction with 1:100 diluted blood, but 
only once out of the three trials [Table 11].   
Table 11.   Dry Method of Indirect Testing: O-Tol.  Results for dry method of O-Tol testing.  The fabrics 
are generally ordered from most to least sensitive.   
 
Fabric Dilution Trial 1  Trial 2  Trial 3       
Terrycloth 1:10 Positive Positive Positive 
Terrycloth 1:50 Positive Negative Negative 
Terrycloth 1:100 Negative Positive Negative 
Terrycloth 1:500 Negative Negative Negative 
     
Denim 1:10 Positive Positive Positive 
Denim 1:50 Positive Positive Positive 
Denim 1:100 Negative Negative Negative 
Denim 1:500 Negative Negative Negative 
     
Linen 1:10 Positive Positive Positive 
Linen 1:50 Negative Positive Negative 
Linen 1:100 Negative Negative Negative 
     
Felt 1:10 Positive Positive Positive 
Felt 1:50 Negative Negative Positive 
Felt 1:100 Negative Negative Negative 
     
Flannel 1:10 Positive Positive Positive 
Flannel 1:50 Positive Negative Negative 
Flannel 1:100 Negative Negative Negative 
     
Fleece 1:10 Positive Positive Positive 
Fleece 1:50 Positive Negative Negative 
Fleece 1:100 Negative Negative Negative 
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3.2.2. Wet Method  
3.2.2.1. Kastle-Meyer 
Indirect testing via a moistened swab with Kastle-Meyer yielded positive results at 
1:10 for all fabrics, at 1:50 for linen, terrycloth, and flannel, at 1:100 for denim, and at 
1:500 for felt and fleece [Table 12].  The results were also inconsistent amongst the three 
trials. 
Table 12. Wet Method of Indirect Testing: Kastle-Meyer. Results for wet method of indirect testing with 
Kastle-Meyer.  Fabrics are generally ordered from most to last sensitive.   
 
Fabric Dilution Trial 1 Trial 2 Trial 3 
     
Felt 1:10 Positive Positive Positive 
Felt 1:50 Positive Positive Positive 
Felt 1:100 Positive Positive Positive 
Felt 1:500 Positive Negative Negative 
Felt 1:1000 Negative Negative Negative 
     
Fleece 1:10 Positive Positive Positive 
Fleece 1:50 Positive Positive Positive 
Fleece 1:100 Positive Negative Negative 
Fleece 1:500 Positive Positive Negative 
Fleece 1:1000 Negative Negative Negative 
     
Denim 1:10 Positive Positive Positive 
Denim 1:50 Positive Negative Negative 
Denim 1:100 Positive Negative Negative 
Denim 1:500 Negative Negative Negative 
     
Terrycloth 1:10 Positive Positive Positive 
Terrycloth 1:50 Positive Positive Positive 
Terrycloth 1:100 Negative Negative Negative 
     
Flannel 1:10 Positive Positive Positive 
Flannel 1:50 Positive Positive Positive 
Flannel 1:100 Negative Negative Negative 
     
Linen 1:10 Positive Positive Positive 
Linen 1:50 Positive Positive Negative 
Linen 1:100 Negative Negative Negative 
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3.2.2.2. O-Tol 
Indirect testing with O-Tol via a moistened swab resulted in at least one positive 
reaction at 1:50 and 1:100 diluted bloodstains on denim, felt, flannel, and terrycloth.  Fleece 
reacted up to 1:500 and linen only reacted at 1:50 [Table 13].  The results were also 
inconsistent amongst the three trials.     
 
Table 13. Wet Method of Indirect Testing: O-Tol.  Results for the wet indirect method using O-Tol.  
Fabrics are generally ordered from most to least sensitive.     
 
Fabric Dilution Trial 1 Trial 2 Trial 3 
     
Fleece 1:100 Positive Negative Positive 
Fleece 1:500 Positive Negative Positive 
Fleece 1:1000 Negative Negative Negative 
     
Terrycloth 1:100 Positive Positive Negative 
Terrycloth 1:500 Negative Negative Negative 
Terrycloth 1:1000 Negative Negative Negative      
Felt 1:100 Positive Negative Positive 
Felt 1:500 Negative Negative Negative 
Felt 1:1000 Negative Negative Negative      
Flannel 1:100 Positive Negative Positive 
Flannel 1:500 Negative Negative Negative 
     
Denim 1:50 Positive Negative Negative 
Denim 1:100 Positive Negative Negative 
Denim 1:500 Negative Negative Negative 
     
Linen 1:50 Positive Negative Positive 
Linen 1:100 Negative Negative Negative 
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3.3.  Luminol 
The Luminol results showed that all fabrics elicited a positive result up to 1:10000 
except for terrycloth which only tested positive up to 1:5000 [Table 14].   Reaction times 
and intensities were not recorded due to the complexities of working with 
chemiluminescence.   
Table 14 Summary of Luminol Results.  The highest dilution that elicited a positive result for each fabric 













3.4.  Field Kits 
The Kastle-Meyer field kits yielded positive results only at 1:10 for all fabrics 
except for felt, which also reacted at 1:50 [Figure 17].  The O-Tol field kits yielded results 
at 1:10 for half of the fabrics (denim, flannel and terrycloth) and 1:50 for the remaining 
fabrics (linen, felt, and fleece).  The Luminol tests yielded results down to 1:50 (linen, 
flannel, and fleece) and 1:100 (felt, terrycloth, and denim).  The duplicate samples did not 
always react consistently within each fabric type.   
 











Figure 17.  Summary of Field Kits Results.  A depiction of the results of all of the field kit testing and their 
respective sensitivities based on fabric.  KM Field= Kastle-Meyer Field Kit; OT Field= O-Tol Field Kit; 


















4.1.  Direct Testing  
For all tested fabrics, the highest dilution at which the blood stain was still visible 
was 1:500.  Many agencies that utilize this testing only perform presumptive blood testing 
when the stain is visible and is visually consistent with blood.  All of the direct testing 
resulted in positive results for all visible stains for both Kastle-Meyer and O-Tol.   
4.1.1. Kastle-Meyer 
In this study, the Kastle-Meyer reagent only elicited positive results down to a 
dilution of 1:1000.  In previous literature, studies reported a sensitivity of 1:10,000 
(4,13,20), 1:4,000,000 (21), 1:10,000,000 (3,25), or 1:100,000,000,000 (14) for the 
detection of blood utilizing the phenolphthalein reagent.  However, some of these studies 
used filter paper substrates or a blood solution rather than blood deposited on to a piece of 
fabric.  The methods varied from study to study with some utilizing a test window of up to 
4 minutes (4) or only recorded immediate color changes as positive reactions (3,14,20).  
Although the literature reports high sensitivity values, the same results were unattainable 
in this study.  In preliminary testing, variables such as the blood donor, blood preservative, 
and reagent preparation were altered to see if a higher sensitivity could be achieved, but 
was unsuccessful.   
The intensity of the Kastle-Meyer direct testing shows that thicker, more absorbent 
fabrics such as fleece and felt resulted in weaker reactions compared to other fabrics at the 
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same dilution.  This suggests that absorbent fabrics may affect the intensity of the resultant 
color change when using a catalytic color test such as Kastle-Meyer.    
The speed of reaction for the Kastle-Meyer testing demonstrated that fleece resulted 
in slower reactions compared to other fabrics at the same dilution.  The results also 
demonstrated that as the dilution factor increased, the reaction time increased for all fabrics 
except for fleece.  Fleece had variable results, such as a faster reaction at a dilution of 1:100 
than at 1:50.  Fabrics that are not as thick and absorbent as fleece, such as denim, terrycloth, 
and linen, consistently resulted in faster and more intense reactions compared to thicker 
fabrics.  These results suggest that the thickness and absorbency of a substrate may affect 
the sensitivities of these tests.     
It has been shown that substances such as plant peroxidases can cause false positive 
results and may have a reaction speed of as fast as 15 seconds (4,12,13,26).  This could be 
a factor that misleads an analyst to misinterpret a slow reaction as a dilute bloodstain rather 
than considering the presence of an interfering substance. The results of the direct testing 
with Kastle-Meyer also suggest that analysts should be cognizant of the substrate on which 
the stain is deposited, as it may have an effect on the speed of the reaction and the overall 
sensitivity of the test. 
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4.1.2. O-Tol  
O-Tol resulted in positive results at 1:5000 for the majority of fabrics, however 
fleece only reacted down to 1:1000.  Although not a huge difference, it is notable 
considering that fleece has consistently shown to have a negative effect on the sensitivity 
of the direct testing procedures examined in this study.   The literature reports sensitivity 
values for O-Tol that include 1:50000 (9) , 1:300000 (23), and 1:500000 (13), however, 
this laboratory could not achieve the same sensitivities as reported in the literature.  
Although the sensitivities are not identical from study to study, the general trend observed 
between Kastle-Meyer and O-Tol is the same: O-Tol is more sensitive for bloodstain 
detection compared to Kastle-Meyer.  This information is another consideration that can 
be important when creating or modifying laboratory protocols for presumptive blood 
testing. 
The intensity results and speed of reaction results for O-Tol demonstrate that fleece 
resulted in weaker and slower reactions compared to other fabrics. This further supports 
the claim that fleecey material has an effect on the sensitivity of catalytic color tests such 
as Kastle-Meyer and O-Tol.  As shown with the Kastle-Meyer results, thinner fabrics 
resulted in more intense and faster reactions compared to thicker fabrics such as fleece.   
 
4.2.   Indirect Testing 
The indirect testing methods only yielded sensitivities of 1:100, which is consistent 
with the literature that shows positive results down to approximately 1:150 (27–29).   The 
results were rarely consistent amongst the triplicate set, and this may be due to the nature 
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of the procedure for these types of tests.  For the dry method, it is difficult for the analyst 
to ensure that the same amount of pressure is applied to the filter paper when scraping the 
stain.  This could result in more or less blood being transferred to the filter paper each time 
and subsequently tested.  For the wet method, the introduction of water further dilutes the 
sample and the same problem exists with inconsistent contact and/or pressure being applied 
to the stain via the cotton swab.  
 
4.3.  Luminol 
Luminol yielded positive results down to 1:10000, which is less sensitive than the 
reported values in the literature that range from 1:100000 to 1:500000 (4,17,23,30).  
However, Luminol was more sensitive compared to the Kastle-Meyer and O-Tol direct 
tests.   
During the Luminol testing it was observed that some of the more diluted samples 
resulted in chemiluminescence that was too faint to be seen with the naked eye but was 
able to be visualized on the camera.  This may be due to the fact that individuals visualize 
light differently due to individual differences in the rods and cones located in the retina 
(31).  Some studies have identified variation in color vision based on race (32) and sex 
(33).  It has also been shown that individuals can perceive color differently in photographs 
due to differences in perceivability of color hues and environmental conditions (34,35).  
These differences may contribute to differences between perceiving the chemiluminescent 
reaction as it’s occurring versus in the photograph. Another possible explanation could be 
due to the extended shutter speed used while taking the photographs in this study.  Utilizing 
a shutter speed of 5 seconds results in an accumulation of light from a time span of 5 
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seconds rather than the one moment of time that can be taken in with the naked eye.  This 
process can result in an additive effect that allows for accumulation of small amounts of 
chemiluminescence into a more noticeable glow that is visible within the photograph.     
The variation in perception of color from one individual to another and the accumulation 
of light when utilizing a long shutter speed suggests that analysts should always be 
prepared to take a photograph of stains enhanced with chemiluminescent reagents such as 
Luminol.    
 
4.4. Comparison of Direct and Indirect Methods. 
The Luminol method resulted in the highest sensitivity (1:10000) for all fabrics 
except for terrycloth (1:5000).  Terrycloth achieved a higher sensitivity utilizing the direct 
O-Tol approach (1:10000).  Overall, the method that resulted in the lowest sensitivity was 
the Kastle-Meyer indirect dry method, which only achieved results at a dilution of 1:10.  
All of the indirect testing, both Kastle-Meyer and O-Tol, resulted in a lower sensitivity 
compared to the Luminol and direct methods [Figure 18].  Taking into account the 
inconsistency of the results and the lower sensitivity for the indirect tests, this study 































Figure 18.  Summary of Results from Direct and Indirect Tests.  The highest dilution at which each 
test elicited a positive result separated by fabric.  KM= Kastle-Meyer; OT=O-Tol; Dry= dry indirect 
method; Wet= wet indirect method.   
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4.5. Field Kits 
All of the field kits were less sensitive at detecting blood than the direct testing 
using laboratory-prepared reagents.  The field kits for both Kastle-Meyer and O-Tol 
performed similarly to that of the indirect testing methods with the same reagent.  The 
Luminol field kit yielded results down to 1:100, which was much less sensitive than with 
the direct application of Luminol (1:10000).  Since the stains were visible to the naked eye 
at 1:500, the field kits were unreliable to accurately test positive for blood even when the 
stain is visible.  This suggests that analysts in the field who utilize these types of tests 
should consider further testing back at the laboratory.   
   
4.5.1. Comparison of Kastle-Meyer and O-Tol Field Kits to Indirect Testing 
The nature of the field kits and how they are performed causes similar variations as 
mentioned with the indirect testing.  It can be difficult to make sure that the fibrous tip of 
the kit is scraped with the same force for each sample, which can result in variation amongst 
samples. The results showed that the Kastle-Meyer field kit reacted at the same dilution as 
the dry method utilizing Kastle-Meyer but was less effective compared to the moistened 
swab technique with all fabrics except for felt [Figure 19].  For O-Tol, the results showed 
that for denim, flannel, and terrycloth the field kit was less effective than both the dry and 
wet indirect methods.  However, for linen, fleece, and felt the field kit yielded results in 




4.5.2. Comparison of Luminol Field Kit to Direct Luminol Testing  
The Luminol field kit only reacted up to 1:50 (linen, flannel, and fleece) or 1:100 
(denim, felt, and terrycloth), whereas the direct Luminol test reacted up to 1:10000 for all 




Figure 19.  Kastle-Meyer Field Kit Comparison.  Comparison of Kastle-Meyer field kit results and indirect 








Figure 20.  O-Tol Field Kit Comparison.  Comparison of the O-Tol field kit results and indirect O-Tol 























Figure 21.  Comparison of Luminol Testing.  Comparison of the Luminol Field Kit to the direct Luminol 





This study yielded overall sensitivities for Kastle-Meyer, O-Tol, and Luminol of 
1:1000, 1:5000, and 1:10000, respectively.  These values are lower than that found in the 
literature, however, methods and substrates varied from study to study.      
 
5.2. Fabric Type 
Overall, the six fabric substrates tested in this study performed similarly amongst 
all of the tests.  However, the direct testing resulted in a slightly lower sensitivity with 
fleece versus the other fabrics.  Fleece also resulted in slower and weaker reactions 
compared to thinner fabrics such as denim, linen, and terrycloth. This suggests that highly 
absorbent fabrics, such as fleece, can have a negative effect on the sensitivity of catalytic 
color tests such as Kastle-Meyer and O-Tol.   
 
5.3. Direct vs. Indirect Method 
The indirect testing methods utilizing a moistened swab or a dry filter paper were 
less sensitive compared to direct testing methods.  This study also demonstrated the 
variability in the results from sample to sample and fabric to fabric when using indirect 





5.4. Field Kits vs. Laboratory Techniques  
The commercially available forensic field kits tested in this study mimic the 
methods of a moistened swab technique, and the results demonstrated that the field kits 
were about the same sensitivity or less sensitive compared to the indirect testing methods.  
They also showed that the field kits were less sensitive compared to the direct presumptive 
blood testing methods utilizing laboratory reagents.  This study suggests that the laboratory 
preparation of O-Tol provides a simple, cost-effective, and sensitive test that could be 
implemented at a crime scene to detect the presence of blood.   
 
5.5  Future Considerations 
Further research into the effects of substrates on the sensitivity of presumptive 
blood tests is warranted. Future studies in this area should investigate additional fabric 
types and aspects of those fabrics (e.g. weave, content, finishes etc.) that may cause 
interference with the sensitivities of these tests. Other substrates of interest may be carpet, 
tile, wood, etc., which are frequently encountered at crime scenes.   Additionally, an 
increase in the number of sample replicates will make any fabric-dependent trends more 
apparent.  Expanding the breadth of this study may lead to more definitive conclusions 








Am J Optom Physiol Opt                   American Journal of Optometry and Physiological 
                                                            Optics 
 
Curr Biol                                            Current Biology 
Can Soc Forensic Sci J               Canadian Society of Forensic Science Journal 
Color Res Appl                                   Color Research and Application 
Forensic Sci Int      Forensic Science International  
 
Forensic Sci Med Pathol            Forensic Science, Medicine, and Pathology 
 
IJRTER                                       International Journal of Recent Trends in 
Engineering & Research  
 
J Biochem        Journal of Biochemistry 
J Clin Pathol       Journal of Clinical Pathology 
 
J Crim Law Criminal Police Sci     The Journal of Criminal Law, Criminology, and 
Police Science 
 
J Forensic Identif       Journal of Forensic Identification 
J Forensic Med     Journal of Forensic Medicine  
J Forensic Sci        Journal of Forensic Sciences  
J Psychol  Journal of Psychology 







1.  Virkler K, Lednev IK.  Analysis of body fluids for forensic purposes: From 
laboratory testing to non-destructive rapid confirmatory identification at a crime 
scene. Forensic Sci Int 2009;188(1–3):1–17.  
2.  Vandewoestyne M, Lepez T, Van Hoofstat D, Deforce D.  Evaluation of a 
visualization assay for blood on forensic evidence. J Forensic Sci 2015;60(3):707–
11.  
3.  Vennemann M, Scott G, Curran L, Bittner F, Tobe SS.  Sensitivity and specificity of 
presumptive tests for blood, saliva and semen. Forensic Sci Med Pathol 
2014;10(1):69–75.  
4.  Tobe SS, Watson N, Daéid NN.  Evaluation of six presumptive tests for blood, their 
specificity,sensitivity, and effect on high molecular-weight DNA. J Forensic Sci 
2007;52(1):102–9.  
5.  Li R. Forensic biology: identification and DNA analysis of biological evidence. 
Boca Raton, FL: CRC Press/Taylor & Francis, 2015. 
 
6.     Kadish K, Smith KM, Guilard R. The Porphyrin Handbook. San Diego, CA: 
Academic Press, 2000. 
 
7.  Bunn HF, Forget BG.  Hemoglobin: molecular, genetic and clinical aspects. 
Philadelphia, PA: W. B. Saunders Company, 1984. 
8.  Gaensslen RE.  Sourcebook in forensic serology, immunology, and biochemistry. 
New York, NY: National Institute of Justice, 1983. 
9.  Kohn J, O’Kelly T.  An ortho-tolidine method for the detection of occult blood in 
faeces. J Clin Pathol 1955;8(3):249–51.  
10.  Wahba N.  An ortho-tolidine hydrochloride test for the detection of occult blood in 
faeces without dietary restrictions. J Clin Pathol 1965;18(5):687–8.  
11.  Rentoul E, Smith H.  Medical jurisprudence and toxicology. London, UK: Churchill 
Livingstone, 1973. 
12.  Higaki RS, Philp WMS.  A study of the sensitivity, stability and specificity of 
phenolphthalein as an indicator test for blood. Can Soc Forensic Sci J 1976;9(3):97–
102.  
51 
13.  Cox M.  A study of the sensitivity and specificity of four presumptive tests for 
blood. J Forensic Sci 1991;36(5):1503-1511.  
14.  Chourasiya L, Mahakalkar A.  To compare and study differential detection of 
human and animal blood using phenolphthalein, tetramethylbenzidine and luminol 
assays. Int J Recent Trends Eng Res 2017;3(11):82–102.  
15.  Barni F, Lewis SW, Berti A, Miskelly GM, Lago G.  Forensic application of the 
luminol reaction as a presumptive test for latent blood detection. Talanta 
2007;72(3):896–913.  
16.  Stoica BA, Bunescu S, Neamtu A, Bulgaru‐Iliescu D, Foia L, Botnariu EG.  
Improving luminol blood detection in forensics. J Forensic Sci 2016;61(5):1331–6.  
17.  Webb JL, Creamer JI, Quickenden TI.  A comparison of the presumptive luminol 
test for blood with four non-chemiluminescent forensic techniques. Luminescence 
2006;21(4):214–20.  
18.  Castelló A, Alvarez M, Verdú F.  Accuracy, reliability, and safety of luminol in 
bloodstain investigation. Can Soc Forensic Sci J 2002;35(3):113–21.  
19.  Schoon A.  A comparison between canine detection of blood residue and some 
blood presumptive tests. J Forensic Identif Alameda 2013;63(3):255–62.  
20.  Johnston E, Ames CE, Dagnall KE, Foster J, Daniel BE.  Comparison of 
presumptive blood test kits including Hexagon OBTI. J Forensic Sci 
2008;53(3):687–9.  
21.  Stammers AD. A note on the relative sensitivity of the benzidine and  
phenolphthalein tests for blood. J Biochem 1926;20(3):620–621. 
 
22.  FORENTEST Presumptive Tests-Tritech Forensics. 
https://tritechforensics.com/forentest-presumptive-tests-luminol-ortho-tolidine-
semen-lead-or-phenolphthalein/ (accessed February 28, 2020).   
23.  Grodsky M, Wright K, Kirk PL.  Simplified preliminary blood testing. An improved 
technique and a comparative study of methods. J Crim Law Criminol Police Sci 
1951;42(1):95.  
24.  Weber K, Krajčinović M.  Über die Luminescenz des Luminols, III. Mitteil.: 
Katalyse der Chemiluminescenz des Luminols mit komplex gebundenem Kupfer. 
Berichte der Deutschen Chemischen Gesellschaft B Ser 1942;75(12):2051–9.  
25.  Hunt AC, Corby C, Dodd BE, Camps FE.  The identification of human blood stains: 
a critical survey. J Forensic Med 19600400 -19600600;7(2):112–30.  
52 
26.  Petersen D, Kovacs F.  Phenolphthalein false-positive reactions from legume root 
nodules. J Forensic Sci 2014;59(2):481–4.  
27.  Boyd S, Bertino MF, Ye D, White LS, Seashols SJ.  Highly sensitive detection of 
blood by surface enhanced raman scattering,. J Forensic Sci 2013;58(3):753–6.  
28.  Castelló A, Francès F, Verdú F.  Bloodstains on leather: Examination of false 
negatives in presumptive test and human hemoglobin Test. J Forensic Sci 
2017;62(5):1308–13.  
29.  Butler J, Chaseling J, Wright K.  A comparison of four presumptive tests for the 
detection of blood on dark materials. J Forensic Sci 2019;64(6):1838–43.  
30.  Seashols SJ, Cross HD, Shrader DL, Rief A.  A comparison of chemical 
enhancements for the detection of latent blood,. J Forensic Sci 2013;58(1):130–3.  
31.  Pickford RW.  Individual differences in colour vision and their measurement. J 
Psychol 1949;27:153–202.  
32.  Dwyer,WO, Stanton,L.  Racial differences in color vision: do they exist? Am J 
Optom Physiol Opt 1975;52(3):224–9.  
33.  Bimler DL, Kirkland J, Jameson KA.  Quantifying variations in personal color 
spaces: Are there sex differences in color vision? Color Res Appl 2004;29(2):128–
34.  
34.  Emery KJ, Volbrecht VJ, Peterzell DH, Webster MA.  Variations in normal color 
vision. VI. Factors underlying individual differences in hue scaling and their 
implications for models of color appearance. Vision Res 2017;141:51–65.  
35.  Lafer-Sousa R, Hermann KL, Conway BR.  Striking individual differences in color 
perception uncovered by The Dress photograph. Curr Biol CB 2015;25(13):R545–6.  
 
  
 
  
 
 
 
53 
CURRICULUM VITAE 
